Abstract We conducted a phase II feasibility study of a 6-month behavioral weight loss intervention in postmenopausal overweight and obese women at increased risk for breast cancer and the effects of weight loss on anthropomorphic, blood, and benign breast tissue biomarkers. 67 women were screened by random peri-areolar fine-needle aspiration, 27 were registered and 24 participated in the interventional phase. The 24 biomarker evaluable women had a median baseline BMI of 34.2 kg/m 2 and lost a median of 11 % of their initial weight. Significant tissue biomarker modulation after the 6-month intervention was noted for Ki-67 (if restricted to the 15 women with any Ki-67 at baseline, p = 0.041), adiponectin to leptin ratio (p = 0.003); and cyclin B1 (p = 0.001), phosphorylated retinoblastoma (p = 0.005), and ribosomal S6 (p = 0.004) proteins. Favorable modulation for serum markers was observed for sex hormone-binding globulin (p \ 0.001), bioavailable estradiol (p \ 0.001), bioavailable testosterone (p = 0.033), insulin (p = 0.018), adiponectin (p = 0.001), leptin (p \ 0.001), the adiponectin to leptin ratio (p \ 0.001), C-reactive protein (p = 0.002), and hepatocyte growth factor (p = 0.011). When subdivided by \10 or [10 % weight loss, change in percent total body and android (visceral) fat, physical activity, and the majority of the serum and tissue biomarkers were significantly modulated only for women with [10 % weight loss from baseline. Some factors such as serum PAI-1 and breast tissue pS2 (estrogen-inducible gene) mRNA were not significantly modulated overall but were when considering only those with [10 % weight loss. In conclusion, a median weight loss of 11 % over 6 months resulted in Electronic supplementary material The online version of this article
Introduction
Adult weight gain and postmenopausal obesity are associated with an increased risk of developing breast cancer in both average-and high-risk women [1] [2] [3] [4] [5] [6] . Chronic inflammation and excess hormone production are thought to be the likely etiologic factors. Obesity is associated with activated macrophage infiltration into breast and other adipose tissue, excess production of pro-inflammatory cytokines, increased aromatase activity and higher levels of bioavailable estrogen, and breast epithelial proliferation [7] [8] [9] [10] . In addition, reduction in adiponectin by enlarged adipocytes [11, 12] combined with pro-inflammatory cytokines results in hyperinsulinemia, insulin resistance [13] [14] [15] , activation of PI3 kinase and AKT/mTOR pathways, and increased risk for breast cancer [16] [17] [18] [19] [20] [21] [22] [23] [24] . Obese women whose excess fat is concentrated in the central abdomen and liver (often referred to as central or visceral obesity) are more likely to both exhibit hyperinsulinemia and develop breast cancer than similar weight women with excess fat primarily deposited over the buttocks and hips [25] [26] [27] [28] . Percent visceral fat is best measured with computed tomography or MRI [29] but may be approximated by measuring android fat distribution by dual-energy X-ray absorptiometry (DEXA) [29] . Waist circumference is positively associated with visceral fat, and women with values [88 cm are more likely to exhibit metabolic abnormalities [30] .
Once obese, the minimum loss required to reduce risk has yet to be defined, although reduction of breast and other cancers has been observed with *30 % weight loss after bariatric surgery [31, 32] . The National Heart Lung Blood Institute Guidelines for obesity suggest a weight loss goal of 10 % over 6 months for general health [33] . A few cohort studies suggest reduced risk associated with weight loss of [10 % if maintained for several years [5, 34] . Weight loss with behavioral interventions aimed at changing lifestyle averages between 4 and 6 % of baseline in the US with the higher percentage associated with greater number of sessions [35] . Whether this amount of weight loss is associated with a significant risk reduction for breast cancer is unclear, although weight loss of at least 5 % appears to have some general health benefits [36] . Investigations into both the mechanisms by which weight loss might reduce breast cancer risk and the amount of weight or fat loss likely to be needed are high priority topics for prevention [15] .
The purpose of this pilot study was to assess the feasibility of a study design in which a 6-month behavioral weight loss intervention, previously shown to be effective in producing 10 % or greater weight loss in a general overweight population [37] , was combined with assessment of change in anthropomorphic, blood, and benign breast tissue biomarkers of breast cancer risk and/or mechanism of action.
Methods

Eligibility
Risk criteria for breast tissue screening and tissue requirements for intervention
Postmenopausal women (a) not on hormone replacement therapy, (b) with a BMI [25 kg/m 2 , and (c) at increased risk for breast cancer on the basis of family history, prior precancerous biopsy, a 5-year Gail model risk estimate of C1.7 % (http://bcra.nci.nih.gov/brc/), or prior contralateral treated breast cancer were potentially eligible for tissue screening by random peri-areolar fine-needle aspiration (RPFNA) [38] . Women were initially required to have cytologic evidence of hyperplasia and minimum Ki-67 of 1.5 % in 500 epithelial cells; however, the minimum Ki-67 requirement was soon dropped as being too restrictive. Women were required to be in good health with no clinical history/evidence of diabetes. Protocols for RPFNA and behavioral weight loss intervention were approved by the University of Kansas Medical Center Human Subjects Committee.
Tissue acquisition and specimen processing RPFNA was performed on two sites per breast under local anesthesia at baseline. The first aspiration pass per site (four sites total) was placed in a 2-ml cryovial containing 0.5 ml PBS, immediately immersed in liquid nitrogen and transferred to a -80°C freezer within 12 h. Frozen tissue was thawed once for mixing of specimen from the four cryovials and then re-aliquoted in separate cryovials for adipocytokines, proteomics, and gene expression assays such that for these assays only one further thaw was necessary. Specimen mixing and re-aliquoting were performed with specimen in an ice bath. Frozen specimens were not exposed to fixative. Remaining material from all aspiration sites was pooled in a single 15 cc tube with 9 ml CytoLyt Ò and 1 ml of 10 % buffered formalin and processed to slides for pap-staining and cytomorphology or Ki-67 as previously described [38] [39] [40] [41] . Fasting blood for hormones and adipocytokines, obtained at baseline and conclusion of the weight loss intervention, was immediately processed to aliquots and frozen at -80°C. These specimens were not thawed prior to assay. All biomarker assays besides cytomorphology and Ki-67 were batch processed on samples stored in aliquots so that the pre-study and post-study specimens were run together.
Cytomorphology
Cytomorphology was assessed by a single cytopathologist (CMZ) and classified by both a categorical method and a semi-quantitative Masood index score [40] without knowledge of Ki-67 scores. Index scores of 11-13 generally correlate with hyperplasia without atypia, 14 borderline atypia, and 15-18 with hyperplasia with atypia.
Ki-67
Ki-67 was performed using citrate buffer antigen retrieval, a 1:20 dilution of MIB-1 (M7240; Dako Cytomation, Carpinteria, CA), and a Dako Autostainer Plus (Dako Cytomation) as previously described [39] . The number of cells with nuclear staining out of 500 cells was recorded for each of two independent readers and averaged in case of a disagreement [41] .
Collection of energy intake, exercise, and anthropomorphic variables
Potentially eligible participants delayed beginning the weight loss intervention until 5-10 women could be collected per group. Prior to start, women were asked to complete 3-day diet records (for subsequent analysis of energy and macronutrient intake using Nutrition Data System for Research) and record minutes and type of exercise per week. Height, weight, and waist circumference measurements were performed in a hospital gown. Body composition via DEXA scanning (Lunar Prodigy, GE Healthcare) was obtained.
Behavioral weight loss intervention
The intervention consisted of a National Heart and Lung and Blood Institute step I diet containing 1,000-1,200 calories per day [42] , exercise, and a weekly in-person lifestyle modification meeting with 5-10 other high-risk women. The diet consisted of two shelf-stable pre-packaged meals and three low-calorie high-protein shakes (HMR TM , Health Management Resources, Boston, MA; http://www.hmrprogram.com), five fruit and vegetable servings per day, and ad libitum beverages except those that contained large kcal loads, i.e., sugar-sweetened soft drinks, alcohol, and high-fat dairy drinks. Moderate intensity unsupervised exercise with a goal of 300 min per week and attendance at the weekly in-person group lifestyle modification meeting was strongly encouraged. At the meeting, women were weighed, food and exercise logs were collected, and suggestions were made for food preparation and compliance [37] . Following completion of the 6-month intervention, diet and anthropomorphic assessments and blood and tissue acquisitions were repeated. There was no structured follow-up required beyond this point but most women continued to have at least yearly visits with exam, height and weight and breast imaging in the Breast Cancer Prevention Center.
Serum hormones, growth factors, and selected adipocytokines by ELISA Testosterone, prolactin, SHBG, IGF-1, IGFBP3, CRP, IL-6, leptin, and adiponectin were assayed in the Breast Cancer Prevention Center laboratories with commercially available ELISA kits. Adiopocytokines were also assayed by commercially available Luminex kits at the University of Texas at Austin (see below). Serum estradiol and insulin assays were performed at the University of Virginia Center for Research Reproduction Ligand Assay and Analysis Core Laboratory (Charlottesville, VA) by ultrasensitive RIA and Immulite, respectively. Bioavailable estradiol and testosterone results were computed using values for estradiol, testosterone, and SHBG according to standard formulas [43] . Serum samples which could not be confirmed as fasting were excluded for assessment of insulin, glucose, and adipocytokines. See Supplementary Material 1 for assays and limits of detection. Stephen Hursting at the University of Texas at Austin. The serum for adiponectin assay was diluted 400-fold. For tissue assays, results were normalized to total protein content (Bio-Rad Protein Assay, #500-0006, Bio-Rad Laboratories, Inc., Hercules, CA).
Tissue for RT-qPCR
Total RNA was extracted from frozen RPFNA samples using Trizol Ò LS according to the manufacturer's instructions. We have found that the RNA quality is far superior from frozen samples compared to fixed samples, even though the latter allows micro-dissection of epithelial cell clusters [44] . As we did not employ fixed tissue and microdissection, change in gene expression was reflective of change in adipocytes, stroma, and epithelial cells. Since many of the biomarkers of interest in a weight reduction trial are expressed in the adipocytes and stroma, we felt this was a better approach than attempting to micro-dissect small clusters of epithelial cells. RNA was amplified using MessageAmp TM II aRNA amplification kit (Life Technologies Grand Island NY) and reverse transcribed to cDNA using SMARTScribe TM Reverse Transcriptase (Clontech Laboratories, Inc., Mountain View, CA) and random nonamer primers. Real-time PCR (RT-qPCR) was performed in the Breast Cancer Prevention Laboratory using TaqMan chemistry as previously described [44] . Levels were expressed as relative to four reference transcripts (b-actin, cyclophilin A, b-glucuronidase, and TATA box-binding protein); and then adjusted for epithelial cell content by expression of cytokeratin 19.
Tissue proteomics
Tissue obtained by RPFNA was immediately placed in 0.5 ml of Phosphate Buffered Saline, frozen in liquid nitrogen, and processed as described above; and was utilized to assess levels of peptides and phosphopeptides at the Reverse Phase Protein Array (RPPA) core at the University of Texas MD Anderson Cancer Center [45] . The sample underwent 5 two-fold serial dilutions (final 1:16) for construction of a dilution curve. The sample was spotted onto a glass slide coated with nitrocellulose with each sample represented on the slide as a serial microdilution. Dilution series were replicated on spatially distant portions of the array. Samples from the same patient were placed on multiple spots on the same slide, on multiple slides, and in multiple runs. Each slide also contained multiple positive and negative controls with results normalized to total protein loading. If the inter slide and inter run variation for the slide resulted in an R score of less than 0.9 that slide was discarded. The coefficient of variation for technical replicates is 15 % when protein is present at detectable levels [45] . Pre-and post-intervention specimens were assessed together to produce validated results for 108 antibodies. Pathways of particular interest were PI3 kinase and AKT/mTOR [46] . Overall, there was sufficient sample to assess all antibodies for all specimens.
Statistical considerations
Our original presumption was that mean Ki-67 would be 4.5 ± 3.5 % based on prior studies in premenopausal women or postmenopausal women on hormone replacement. We anticipated accruing 22 evaluable subjects resulting in an 80 % power with a Type I error rate to detect a 50 % reduction in Ki-67. However, once the study was amended allowing entry of women with Ki-67 \1.5 %, our aims were primarily that of feasibility and exploration of a variety of biomarkers for usefulness in the weight loss setting. Non-parametric approaches were used for all analyses. The Wilcoxon signed rank test was used for change in biomarkers over the course of the intervention. The MannWhitney test was used for comparison between groups, specifically groups defined as subjects who lost \10 % weight versus those who lost[10 %. We chose this cut point because the National Heart Lung Blood Institute Guidelines [33] recommend a goal of loss of 10 % of baseline weight at 6 months. However, we also assessed all data using a median weight loss cut point and arrived at the same general conclusions. All analyses were conducted by IBM, SPSS, version 20. Since analyses were considered exploratory they were not corrected for multiple comparisons.
Results
Screening and enrollment
A total of 67 risk and BMI eligible women were screened by RPFNA and 27 were enrolled. Of those screened, 24 % had cytologic atypia, 42 % had both cytologic hyperplasia ± atypia and some Ki-67 expression, but only 16 % had Ki-67 of 1.5 % or higher. Following RPFNA, 20 were ineligible on the basis of cytomorphology and/or cell count, and 5 were deemed ineligible due to weight or medical issues. 15 eligible women declined participation due to unwillingness to use one brand of shelf-stable meals for 6 months (7), travel to weekly in-person meetings (6), or wait to start the behavioral weight loss intervention (5) . Several women declined for more than one reason. 27 women were eligible but three dropped out prior to intervention leaving 24 evaluable for biomarker evaluation. The first of four groups began the intervention November 2007; the final group completed their repeat RPFNA July 2009. Women were subsequently followed for weight regain to January 2012.
Demographic and risk information
Median age for the 24 evaluable women was 57.5 years, with median BMI of 34.2 kg/m 2 , and median 5-year Gail risk of 4 % ( Table 1 ). All subjects were Caucasian, nonHispanic.
Change in anthropomorphic variables, dietary, and physical activity Energy intake was reduced by a median of 19 %. Participants lost a median of 11 % of their baseline weight with 54 % losing 10 % or more ( Table 2 ). The median relative reduction in total and android fat was 8 and 10 %, respectively. When participants were divided into those with \10 or[10 % loss, only those with[10 % weight loss showed a significant decrease in percent total fat, android fat, lean mass, and significant increase in physical activity (p \ 0.01 for each variable). Median energy change in the[10 % loss group was -387 kcal/day versus -134 kcal/day for the \10 % group (Table 3) . There was no significant difference at baseline in age, weight, BMI, or Gail risk for women losing[10 versus\10 % weight (Table 1 of Supplementary  Material 2) . Using the median (11 %) as the cut point instead of 10 % did not alter these conclusions.
Change in serum biomarkers
Bioavailable estradiol and testosterone decreased by medians of 31 and 13 %, respectively; fasting insulin by 40 %, and CRP by 28 % (Table 4) . Favorably modulated adipocytokines (via Luminex assay) included adiponectin (increased by 19 %), leptin (decreased by 37 %), the ratio of adiponectin to leptin (increased by 130 %), and hepatocyte growth factor which was decreased by 17 %. Similar results for serum levels of adiponectin and leptin were obtained by ELISA as by Luminex (R 2 of 0.87 and 0.50, respectively) ( Table 4 of Supplementary Material 2). The 1-35 % reductions observed for other serum pro-inflammatory cytokines including interleukin-6 (IL6), macrophage chemo-attractant protein (MCP-1), plasminogen activator inhibitor-1 (PAI-1), resistin, and tumor necrosis factor alpha (TNF alpha) were not significantly different when considering the group as a whole. When dividing evaluable women into those with \10 versus [10 % weight loss, a significant change for SHBG, bioavailable estradiol and testosterone, insulin, adiponectin, leptin, the ratio of adiponectin to leptin, PAI-1, and CRP was observed only for women with [10 % weight loss. An increase in the ratio of IGF-1:IGFBP3 has been previously reported with weight loss [47] and was observed for both \10 and [10 % loss groups ( Fig. 1 ; Tables 4 and 5 ).
Change in breast tissue biomarkers
Change in benign breast cytomorphology and Ki-67
Ten of 24 women exhibited hyperplasia with atypia at baseline and four of 24 exhibited hyperplasia with atypia at study conclusion (p = 0.070; McNemar). For the quantitative Masood score change, 14 decreased, 5 increased, and 5 stayed the same (p = 0.042; Wilcoxon). For the 20 women who had a minimum of 500 cells on their Ki67 slide (as required for assessment), the median on-study Ki-67 was 0.7 versus 0.3 % off study. This difference was not statistically significant. For the 15 women with any Ki-67 at baseline and thus any chance of improvement, median baseline Ki-67 was 1.4 % and postintervention was 0.4 % (p = 0.041) (Fig. 2) .
Change in benign breast adipocytokines, gene expression, and proteomics
Tissue adipocytokine assessments were performed on paired frozen aliquots for 24 women and change was reported only for those analytes which were measurable at baseline. The breast adiponectin to leptin ratio was increased by a median of 164 % (p = 0.003; Table 6 ) but when subdividing into \10 or [10 % weight loss this ratio was significant different only for those with [10 % loss (p = 0.047) ( Table 6 of Supplementary Material 2). Gene expression by RT-qPCR was performed for selected transcripts associated with proliferation, estrogen receptor activation, energy sensing, and fatty acid metabolism pathways. Change was noted for pS2, an estrogen inducible gene for women overall but was highly significant (p = 0.005) for women with [10 % weight loss. No significant differences were observed in other transcripts assessed. (Table 7 ) (See Table 7 of Supplementary Material 3, RTqPCR for full list of transcripts).
Sufficient tissue was available for pre-post reverse phase proteomics analysis for 18 subjects The most significant changes were reduction in the proliferation-associated proteins cyclin B1 (p = 0.001) and phosphorylated retinoblastoma protein (p = 0.005) [48] [49] [50] , as well as ribosomal protein S6 (p = 0.004), which is correlated with mTOR signaling [51] . All are thought to be important in development of breast cancer [49] [50] [51] . Although for cyclin B1 there was no significant difference in reduction for women with \10 versus [10 % weight loss, phosphorylated retinoblastoma and S6 ribosomal protein were significantly modulated only for the [10 % loss group. (Table 7 ) (See Table 7 of Supplementary Material 4, Protein Array for full list of proteins).
Correlation of weight loss with biomarker change
The relative change in serum adiponectin to leptin ratio was the variable with the greatest linear correlation with percent total weight and android fat loss( R 2 = 0.45, p \ 0.001 and R 2 = 0.53, p \ 0.001, respectively). Relative change in breast tissue adiponectin to leptin ratio was also correlated with percent android fat loss (R 2 = 0.39, p = 0.002).
Change in quality of life indices
There were no serious study-related adverse events and no significant change in quality of life as assessed by Breast Cancer Prevention Trial symptom scales, Brief Fatigue Inventory, and Mayo Hot Flash Score for the 18 subjects who completed the questionnaires at baseline and study conclusion [52] [53] [54] . The only significant change was improvement in bladder control (p \ 0.05).
Weight regain after trial completion and change in tissue biomarkers
There was no formal maintenance program and women began to regain weight at the conclusion of the intervention (Fig. 3) . Of the 13 subjects with [10 % loss at 6 months, only five subjects at 12 months and three subjects at 24 months post-study completion had maintained a [10 % loss as measured during their follow-up visits to the Breast Cancer Prevention Center. Five participants had one or more RPFNAs post-study completion. Tissue adiponectin to leptin ratios continued to improve for several months after initial loss but with eventual weight regain began to approach baseline values (data not shown).
Discussion
Our pilot study was uniquely designed to study change in a number of breast tissue risk biomarkers along with anthropomorphic and serum variables in a homogenous group of postmenopausal women at increased risk for development of breast cancer. Weight loss was associated with favorable modulation of morphologic, proliferative, hormonal, and pro-inflammatory biomarkers in benign breast tissue, as well as hormonal and pro-inflammatory biomarkers in serum. When women were divided into those losing [10 % or \10 % of initial weight (10 % is the NHLBI suggested goal for initial weight loss), change in the majority of serum and benign breast tissue biomarkers was significant only for women with [10 % weight loss.
Other investigators have noted favorable serum risk biomarker change with *10 % weight loss, and greater change with more loss [55] [56] [57] [58] ; but we are the first to show the same relationship with breast tissue risk and mechanistic biomarkers. Which markers might best serve as a primary response indicator in weight loss trials aimed at reducing risk for breast cancer? The serum adiponectin to leptin ratio, with its high linear association with weight loss, and correlation with the ratio in breast tissue, is an excellent candidate. Lower adiponectin to leptin ratios have been associated with breast cancer in cross-sectional and nested casecontrol studies within prospective cohort studies [23, 59, 60] , but validation of the adiponectin to leptin ratio in additional prospective cohort studies or clinical trials is likely needed before it will be accepted as a surrogate response indicator for breast cancer. Serum bioavailable estradiol has been validated as a risk biomarker [9] , but drawbacks to its use as the primary endpoint include lack of clarity as to the level of serum estradiol that constitutes a significant risk, intra-lab and assay variations, and the potential for non-detection in postmenopausal women unless ultra-sensitive techniques are used [61] . Higher levels of insulin PA-1 and IL6 are associated with poor prognosis in women with breast cancer [19, 24, 62, 63] . However, they have not been validated in prospective cohort studies of postmenopausal women without prior breast cancer; nor do we know the levels associated with increased risk.
Although there are several good serum candidates, risk biomarkers in breast tissue are generally used as the primary response endpoint for phase II prevention trials [64] . Atypical hyperplasia or Ki-67 of 2 % or higher in areas of hyperplasia are most frequently used because of the strong association with short-term risk [65] [66] [67] . RPFNA is often used as a minimally invasive method to obtain benign tissue for prevention trials given the excellent tolerance, strong predictive ability of cytologic evidence of atypia in high-risk women, and reproducibility in a multi-institutional setting [38, 68] . Although an excellent risk marker, atypia's qualitative and focal nature make it highly susceptible to interpretive and sampling variance. Further, RPFNA atypia was detected in only one-fourth of high-risk overweight and obese postmenopausal women at baseline making it a less than ideal eligibility criteria and primary endpoint. For postmenopausal women not on hormones, Ki-67 is impractical to use as a response endpoint given the very low level of expression. We found that only 16 % of obese women had a baseline Ki-67 of 1.5 % or more (our original minimum value for eligibility). The low proportion of women meeting the minimum Ki-67 forced us to amend the protocol, removing Ki-67 as an eligibility criterion and primary endpoint. Hofseth et al. reported a median Ki-67 of *0.3 % in histologically normal terminal lobular duct units adjacent to a benign breast biopsy from postmenopausal women not on hormone replacement [69] . We had previously reported a median Ki-67 of 1 % in specimens obtained by RPFNA from postmenopausal women when there were sufficient cells for assessment (500 or more on slide) [41] . However, this prior cohort was not selected for BMI and the majority of women were taking hormone replacement therapy. Hormone replacement therapy was observed by Hofseth et al. [69] to be associated with an increase in the proportion of terminal lobular duct unit cells expressing Ki-67 (median of *0.7 % for estrogen alone and 2.5 % with estrogen plus medoxyprogesterone acetate). Cyclin B1, a proliferation-associated protein, is differentially expressed in normal tissue, proliferative breast disease, and cancer [50] . By reverse-phase protein array it was observed in all baseline breast specimens tested and thus is likely to be more prevalent than Ki-67 in postmenopausal women. If so, cyclin B1 in RPFNA specimens with atypia or hyperplasia borderline atypia (45 % of our high-risk cohort) would be a practical and biologically relevant primary endpoint. Change in pS2 mRNA, an indicator of estrogen response at the tissue level, is quantitative, biologically relevant, and modulated with weight loss but was not detected in one-fourth of baseline samples in this postmenopausal cohort. Tissue adiponectin and leptin are quantitative, detected in all specimens, and the adiponectin to leptin ratio is significantly modulated with [10 % weight loss. Breast tissue cyclin B1, pS2, and adiponectin to leptin ratio all have much to recommend them as primary response endpoints in energy balance trials focused on breast cancer risk reduction but should be validated as risk biomarkers in prospective cohort studies prior to widespread use for this purpose.
Our trial experience suggests steps that can be taken to enhance uptake of a weight management intervention. For otherwise eligible women, 36 % declined participation because of either prolonged wait to start the intervention, the burden of driving to weekly in-person behavioral sessions, or use of only one brand of shelf-stable meal. Our group has subsequently demonstrated the similar success of [37, 70] and good uptake and compliance with a variety of low calorie pre-packaged meals for portion control [71] . In order to avoid rapid weight regain as demonstrated for our cohort, a structured maintenance program promoting selfmonitoring, consistent choice of low calorie foods, and regular physical activity daily should be built into future trials [72] [73] [74] [75] . In summary, in addition to proliferation and atypical cytomorphology, we have identified hormonal and adipocytokine biomarkers in serum and benign breast tissue which are significantly modulated with weight loss and may be useful in future weight loss trials related to breast cancer risk. Many of these markers appear to be modulated only with a 10 % or greater weight loss which should be the target for future trials aimed at breast cancer risk reduction in obese women. 
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Fig . 3 Time-dependent maintenance of weight loss following completion of the 6-month study. Weight loss is expressed as relative to the baseline weight at entry on study. Open circles represent women whose weight is within ±5 % of baseline; solid triangles represent women whose weight is [5 % of their baseline weight; and solid diamonds represent women who have achieved and maintained at least a 5 % reduction of their on-study weight. Not all 24 evaluable subjects could be followed for the entire 36 months
